D epression is associated with a substantial burden in developed and developing countries. 1 The lifetime prevalence of depression is about twice as high in women as in men across different populations.
2-5 Nevertheless, before puberty, girls are found to be equally or less depressed than boys. 6, 7 The 2 female sex hormones-estrogen and progesterone-have been hypothesized to play a role in the cause of depressive symptoms. [8] [9] [10] [11] [12] In a recent review, Toffoletto et al 13 found initial evidence that sex steroid hormones have an influence on the cortical and subcortical regions implicated in emotional and cognitive processing. Gingnell et al 14 found that use of combined oral contraceptives among women who previously had experienced emotional adverse effects resulted in mood deterioration and changes in emotional brain reactivity. The addition of progesterone to hormone therapy has been shown to induce adverse mood effects in women. 15, 16 Likely mechanisms also include the action of progesterone metabolites on the γ-aminobutyric acid A receptor complex, which is the major inhibitory system in the human central nervous system. 17 Levels of neuroactive metabolites of progesterone increase during the luteal phase of the menstrual cycle in fertile women, and some experience negative mood symptoms. 17 Moreover, external progestins, probably more than natural progesterone, increase levels of monoamine oxidase, which degrades serotonin concentrations and thus potentially produces depression and irritability. 18 Clinical studies have indicated that changes in estrogen levels may trigger depressive episodes among women at risk for depression 19 and that women with major depression generally have lower estradiol levels than do control individuals. 20 Freeman et al 21 found that women with a faster transition to menopause followed by stable hormone levels had fewer depressive symptoms. In a recent double-blind placebo-controlled study, 22 women were randomized to sex hormone manipulation with groserelin (gonadotropin-releasing hormone agonist) implant or placebo, which triggered subclinical depressive symptoms in the intervention group. The depressive symptoms were positively associated with the net decrease in estradiol levels. Few studies have quantified the effect of modern lowdose hormonal contraceptive use on the risk for depression.
23-28
Two studies [24] [25] [26] found teenage users of progestin-only contraception to be more frequent users of antidepressants than nonusers of hormonal contraceptives. One study 23 found no association between oral contraceptive use and mood symptoms, and 3 studies 25, 27, 28 suggested that the use of hormonal contraception was associated with better mood. We found few prior studies that assessed the effect of hormonal contraceptives on the risk for subsequent depression in a prospective cohort design and none that took into account the temporality between use of hormonal contraceptives and development of depression. Because mood symptoms are a known reason for cessation of hormonal contraceptive use, 29-31 cross-sectional studies are vulnerable to healthy-user bias causing underestimation of a possible influence on depression. Because hormonal contraception introduces synthetic hormones and modulates the internal hormone production, an examination of the influence of hormonal contraceptives on women's mood is warranted. The aim of this study was to assess the influence of specific types of hormonal contraceptives on the risk for first use of antidepressants and first diagnosis of depression as an inpatient or an outpatient at a psychiatric hospital.
Methods

Study Population
The Danish Sex Hormone Register Study 32 is an ongoing nationwide cohort study that includes all women living in Denmark. The cohort was identified by the unique personal identification number given to all Danish citizens at birth or immigration. This number is used in all public registers, allowing reliable linkage of data between registers. The databases were available through Statistics Denmark, and approval for their use was obtained from the Danish Data Protection Agency, which also determined that informed consent was not required because the study used deidentified data from large databases.
In the present study, we observed adolescents and women aged 15 to 34 years (hereinafter referred to as women) at any time during the 14 years from January 1, 2000, to December 31, 2013, and in the previous 5-year period. To ensure that incident events of depression were identified, all women with a depression diagnosis or use of antidepressants before January 1, 2000, or before their 15th birthday were excluded, as were all women with other major psychiatric diagnoses using the following codes from the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision: organic, DF0*; manic episode, DF30; bipolar affective disorder, DF31*; schizophrenia, DF2*; and mental retardation, DF7*. To exclude women with contraindications against the use of hormonal contraceptives, women with a diagnosis of cancer or venous thrombosis or who underwent treatment for infertility before study entry were excluded. The National Health Register provided data on discharge diagnoses of cancer and venous thrombosis since 1977, and the Psychiatric Central Research Register provided data on psychiatric diagnoses for all inpatients and outpatients since 1995. Infertility was defined as having a redeemed prescription of ovarian-stimulating drugs (Anatomical Therapeutic Chemical classification system code MG03G in the National Prescription Register). Daily updated information on immigration, emigration, and death was obtained from Statistics Denmark. Women immigrating after 1995
Key Points
Question Is use of hormonal contraception associated with treatment of depression?
Findings In a nationwide prospective cohort study of more than 1 million women living in Denmark, an increased risk for first use of an antidepressant and first diagnosis of depression was found among users of different types of hormonal contraception, with the highest rates among adolescents.
Meaning Health care professionals should be aware of this relatively hitherto unnoticed adverse effect of hormonal contraception.
Hormonal Contraception
The National Prescription Register provided individual exposure information on prescribed and redeemed medication from all Danish pharmacies since 1995 and was categorized according to estrogen type and dose, progestin type, and route of administration (eTable 1 in the Supplement). Use of hormonal contraception was modeled as time-varying covariates, with information updated daily. All prescriptions were extended with 28 days or less if a new prescription was redeemed.
33 Hormone use was defined as current or recent use (cessation within the previous 6 months) to ensure that women who quit hormonal contraceptive use owing to depression but before any treatment was initiated were considered exposed to hormonal contraceptives. The reference group consisted of nonusers, defined as those who never used hormonal contraceptives plus former users.
Depression
Two outcome measures for incident depression were addressed. First, a first redeemed prescription of an antidepressant was recorded in the National Prescription Register (eTable 2 in the Supplement 
Covariates
Statistics Denmark delivered data for all women on age, length of schooling, and ongoing or completed educational level (unknown, elementary school only, high school only, skilled worker, theoretical education, and theoretical education with research qualifications). Diagnoses of polycystic ovary syndrome and endometriosis were obtained from the National Health Register. The National Birth Register provided information on body mass index (calculated as weight in kilograms divided by height in meters squared) (by categories of <18.5, 18.5-25.0, >25.0 to 30.0, and >30.0) since 2004 and smoking habits (yes or no) since 1991 for all women who had been pregnant.
Statistical Analysis
All women in the study population were followed up from entry (January 1, 2000, or 15th birthday) and until event, emigration, death, or the end of follow-up on December 31, 2013, whichever came first. Women were censored during the study period for the same reasons as the primary exclusions and temporarily during pregnancy and 6 months after delivery. To account for age and time trends in depression, we adjusted for calendar year and age using 1-year bands. We also adjusted for educational level, polycystic ovary syndrome, and endometriosis. Incidence rate ratios (RRs) and 95% CIs were calculated using Poisson regression. Among women starting hormonal contraceptive use in the study period, we assessed the effect of duration of use compared with nonusers. Among parous women, an additional sensitivity analysis adjusted for smoking and body mass index. In 2 additional analyses, RRs among users of different hormonal contraception product types were calculated, with users of a combination of ethinyl estradiol, 30 to 40 μg, and levonorgestrel as the reference group or with those who never used hormonal contraceptives as the reference group.
Finally, sensitivity analyses were conducted on the subcohort of women who started hormonal contraceptive use sometime during the study period. Each woman contributed to the exposed and unexposed observation time. Among women who started use of hormonal contraceptives, incidence rates within 1 year after initiation of hormonal contraception were compared with the incidence rate during the time before the initiation of hormonal contraceptive use. We thereby controlled for all potential confounders, which did not change during the observation period and eliminated healthy-user bias.
Results
The study population included 
Characteristics of Users of Hormonal Contraception
Women using hormonal contraception were a mean (SD) of 24.3 (0.01) years of age; nonusers were a mean (SD) of 24.4 (0.01) years of age. Users of the levonorgestrel intrauterine system were a mean (SD) of 31 (0.05) years of age. Women using 50 μg of combined oral contraceptives, implants, or medroxyprogesterone acetate depot were more likely to have a lower educational level than were women using other types of hormonal contraception. That tendency was most pronounced for women using medroxyprogesterone acetate depot ( Table 1) .
Hormonal Contraception and Depression
Among all users of hormonal contraceptives, the crude incidence rate of first use of antidepressants was 2.2 per 100 person-years; that of first diagnosis of depression at a psychiatric hospital, 0.3 per 100 person-years. The corresponding crude incidence rates in nonusers of hormonal contraception were 1.7 and 0.28 per 100 person-years, respectively.
Compared with nonusers, users of combined oral contraceptives experienced an RR of a first use of antidepressants of 1.2 (95% CI, 1.22 to 1.25). Women using progestin-only pills had an RR of 1.3 (95% CI, 1.27-1.40); a transdermal patch (norgestrolmin), 2.0 (95% CI, 1.76-2.18); a vaginal ring (etonogestrel), 1.6 (95% CI, 1.55-1.69); an implant, 2.1 (95% CI, 2.01-2.24); a levonorgestrel intrauterine system, 1.4 (95% CI, 1.31-1.42); and medroxyprogesterone acetate depot, 2.7 (95% CI, 2.45-2.87). The RRs of a first diagnosis of depression were slightly lower or similar ( Table 2) .
Age-stratified analyses demonstrated decreasing RRs of a first use of antidepressants with increasing age for the most commonly used products (Figure 1) . Analyses restricted to adolescents (aged 15-19 years) showed notably higher RRs of first use of antidepressants and first diagnosis of depression. Compared with nonusers, users of combined oral contraceptives experienced a 1.8-fold higher rate (95% CI, 1.75-1.84) of first use of antidepressants; users of progestin-only pills experienced a 2.2-fold higher rate (95% CI, 1.99-2.52). Nonoral products implied a 3-fold increased risk for first use of antidepressants. The RRs for a first diagnosis of depression at a psychiatric hospital were similar or slightly lower ( Table 3) .
Assessment of the association between the duration of use and the risk for first use of antidepressants demonstrated increasing relative risks with length of use. For use of hormonal contraceptives of less than 1 month, RRs were 1.1 (95% CI, 0.95-1.15) for first use of antidepressants and 1.2 (95% CI, 1.00-1.44) for first diagnosis of depression; for 1 to less than 2 months, 1.1 (95% CI, 1.00-1.20) and 1.3 (95% CI, 1.07-1.54), respectively; and for 2 to less than 3 months, 1.4 (95% CI, 1.27-1.50) and 1.4 (95% CI, 1.14-1.62), respectively. Relative risks peaked after 6 months of use with an RR of 1.4 (95% CI, 1.34-1.46) for a first use of antidepressants and an RR of 1.5 (95% CI, 1.36-1.64) for a first diagnosis of depression. Thereafter relative risks decreased to RRs of 1.4 (95% CI, 1.32-1.41) and 1.4 (95% CI, 1.30-1.50), respectively, for use of 6 months to less than l year; 1.2 (95% CI, 1.21-1.26) and 1.2 (95% CI, 1.10-1.20), respectively, for use of 1 to less than 4 years; 1.1 (95% CI, 1.08-1.13) and 0.9 (95% CI, 0.87-0.97), respectively, for use of 4 to less than 7 years; and 1.0 (95% CI, 0.98-1.04) and 0.8 (95% CI, 0.77-0.88), respectively (unity), for use of 7 to less than 10 years ( Figure 2) . When additionally adjusting for smoking and body mass index among parous women, the RR of first use of antidepressants did not change significantly for almost all products. An exception was the RR among women who used medroxyprogesterone acetate depot, which decreased from 2.4 (95% CI, 2.09-2.75) to 1.9 (95% CI, 1.65-2.16) with adjustment for confounders (eFigure 3 in the Supplement). When use of oral contraceptives that combined levonorgestrel and 30 to 40 μg of ethinyl estradiol constituted the reference group, a significantly higher rate of antidepressant use was found among women who used combined oral contraceptives with cyproterone acetate, natural estrogen with dienogest, and a patch or a vaginal ring (eTable 3 in the Supplement). When changing the reference group to those who never used hormonal contraceptives, all oral combined products conferred in all women an RR of 1.7 (95% CI, 1.66-1.71) for a first use of antidepressants and among adolescents an RR of 2.2 (95% CI, 2.18-2.31) (eTable 4 in the Supplement). 
Discussion
In this study, use of all types of hormonal contraceptives was positively associated with a subsequent use of antidepressants and a diagnosis of depression. That finding complies with the theory of progesterone involvement in the etiology of depression, because progestin dominates combined and progestin-only contraceptives. The high risk among women using the transdermal patch and vaginal ring compared with the corresponding pill is probably a question of dose rather than the route of administration.
34 Progestin-only products, including the levonorgestrel intrauterine system, also implied an increased risk for the use of antidepressants and a diagnosis of depression, supporting the finding that although the levonorgestrel intrauterine system primarily works locally, it also delivers levonorgestrel to the systemic circulation. 35 Adolescent women who used hormonal contraception experienced higher risks than women in general.
Strengths
Among the strengths of this study was the primarily nonselective inclusion of all adolescents and women aged 15 to 34 years living in Denmark and followed up for 14 years with no loss to follow-up and a study population of 1 million women. The information on the use of hormonal contraception and antidepressants was obtained through bar codes, eliminating recall bias. Women who used an antidepressant or had a diagnosis of depression before study entry were excluded. Next, women were temporarily censored during pregnancy and 6 months after delivery to reduce the influence of postpartum depression. Information on hormonal contraceptive use was updated daily and used as a time-varying covariate. Finally, we used alternative analysis strategies with 2 different outcomes and conducted a number of sensitivity analyses, all with consistent results.
Limitations
We do not expect general practitioners to be more likely to prescribe hormonal contraception to women at risk for depression because depression is mentioned in the leaflet as a possible adverse effect. Therefore, the opposite selection is more likely, implying a potential underestimation of the relative risks. We expect that institutionalized women and women with mental retardation or more severe psychiatric illness could be more likely to receive long-acting reversible contraceptive products such as medroxyprogesterone acetate depot or implants. Although we do not have a reference to support this concern, we decided to exclude these 2 specific products in the results tables because they might be influenced by confounding by indication. For the remaining products, these specific women account for a vanishing small fraction of all women using hormonal contraception. Thus, 80% of the female population in Denmark has used hormonal contraception some time during their reproductive life, which explains why women using hormonal contraceptives represent the general population of women in Denmark and not a selected subpopulation.
If prescribing physicians are more observant of the onset of depressive symptoms among patients to whom they have prescribed hormonal contraceptives, this could imply detection bias. Nevertheless, such bias likely cannot explain the increased risk for a first depression diagnosis at a psychiatric hospital because these diagnoses reflect the more severe depressive disorders that will be evident regardless of clinical attention. Moreover, if such a detection bias explains the increased risk, we would expect the risk estimates to be the same for all types of oral contraceptivs, which was not the case. Further, if such a detection bias was present in our data, we would expect higher risk estimates for redeemed prescriptions of antidepressants immediately after initiation of hormonal contraceptive use. However, the analyses of the duration of hormonal contraceptive use showed no significant increase in risk estimates until more than 2 months after initiation of hormonal contraceptive use.
A potential confounding factor might be the initiation of a sexual relationship because we speculate that this might In a sensitivity analysis we aimed to eliminate the effect of all fixed confounders over time and attrition of susceptibility. Risk for antidepressant use 1 year after initiation of hormonal contraceptive use (disregarding discontinuation) was compared with the risk among the same women in the time before initiation of hormonal contraceptive use with adjustment for age and calendar year. This analysis found that the increased risk for first use of antidepressants was comparable with that found in the main analyses.
Our data indicate that adolescent girls are more sensitive than older women to the influence of hormonal contraceptive use on the risk for first use of antidepressants or first diagnosis of depression. This finding could be influenced by attrition of susceptibility, but also that adolescent girls are more vulnerable to risk factors for depression. 38 We must consider that not all depressed individuals are treated with antidepressants or seen at psychiatric clinics or hospitals. 39 Moreover, antidepressants are prescribed for treatment of conditions other than depression, although depression is the main indication (approximately 80%) for the prescription of selective serotonin reuptake inhibitors.
40,41
We identified 12 studies 23-28,42-47 with emerging conflicting results regarding use of hormonal contraceptives and the risk for depression (eTable 5 in the Supplement). These studies are reviewed in the eDiscussion in the Supplement.
Conclusions
Use of hormonal contraceptives was associated with subsequent antidepressant use and first diagnosis of depression at a psychiatric hospital among women living in Denmark. Adolescents seemed more vulnerable to this risk than women 20 to 34 years old. Further studies are warranted to examine depression as a potential adverse effect of hormonal contraceptive use. 
